Severe lupus nephritis in the absence of systemic lupus erythematosus (SLE) is a rare condition with an unclear clinical presentation and outcome.
Introduction
Renal involvement in lupus includes a broad range of morphological lesions that are not individually pathognomonic. However, certain features are highly suggestive of lupus nephritis (LN). This includes the Full House immunofluorescence pattern (detection of IgM, IgA, IgM, C3, and C1q deposits), membranous nephropathy, and cytoplasmic tubuloreticular inclusions observed by electron microscopy. The presence of these histological patterns raises the possibility of systemic lupus erythematosus (SLE).
According to the Systemic Lupus International Collaborating Clinics (SLICC) criteria, SLE can be diagnosed in patients with LN who have positive immunological markers (anti-nuclear antibodies or anti-dsDNA antibodies), even in the absence of extra-renal manifestations of SLE. [1, 2] These markers, however, may be absent upon presentation, either due to the sensitivity of the test or because of the delayed onset of lupus. [2, 3] Due to the similarity of renal lesions to those observed in LN, clinicians have often considered these patients as having "lupuslike" or "renal-limited" lupus nephritis or "Full House nephropathy" (FHN), and usually treat them with the classical immunosuppressive regimen used in SLE.
A recent study of childhood FHN without serologic evidence of SLE has reported encouraging results of 90% remission (complete + partial) and few relapses with immunosuppressive drug treatments. [3] However, data on the outcome in adult patients have shown conflicting results from small cohorts. [4] [5] [6] [7] [8] [9] [10] To date, the clinical presentation and outcome of adult FHN remain unclear.
Herein, we report the clinical/histological features and the outcomes in 12 adult patients diagnosed with severe proliferative "lupus-like" nephropathy. We also provide electron microscopy analysis of their biopsies and emphasize the possibility of differential diagnoses of the same phenotype.
Methods

Study population
This was a multicenter, observational, historical study of adult (>17 years old) patients diagnosed with FHN in the absence of overt systemic lupus. Inclusion criteria were (1) glomerular disease diagnosed by renal biopsy as observed in LN according to the ISN/RPS classification and extensive complement (C3, C1q) and immunoglobulin ((IgG, IgM +/-IgA) glomerular staining by immunofluorescence (IF); and (2) the absence of immunological criteria for SLE: ANA <1/160 e and anti-ds DNA antibody negative.
Patients were excluded if the following criteria were present: (1) actual or suspected auto-immune disorder; (2) delayed onset SLE: development of positive ANA (>1/160 e ) and/or anti-ds DNA antibody; (3) HIV or hepatitis B or C positivity; or (4) isolated membranous nephropathy (corresponding to a possible pure class V diagnosis according to the ISN/RPS classification of LN).
This historical study was conducted according to the principles expressed in the Declaration of Helsinki. The ethics committee of the Groupe Coopératif sur le Lupus Rénal approved the study.
2.2. Histology 2.2.1. Light microscopy. Renal biopsy was performed at diagnosis. Renal specimens were evaluated by light microscopy (sections were stained with hematoxylin and eosin, trichrome, and Jones silver stains) and immunofluorescence (sections were stained with anti-C3, anti-C1q, IgG, IgA, IgM, l and k antibodies) by the local pathologist. Renal lesions were evaluated according to the ISN/RPS classification for lupus nephritis. [11] 2.2.2. Electron microscopy. Evaluations were retrospectively performed with IF samples as described previously. [12] 
Definitions
The 4 variable Modification of Diet in Renal Disease (MDRD) study equations were used for the estimation of the glomerular filtration rate (eGFR). Proteinuria was measured using a 24-h urine collection.
The nephrotic syndrome was defined as proteinuria (> 3.5 g/d) or creatinuria (> 3.5 g/g) and a serum albumin concentration < 30 g/L. Hypertension was defined as a blood pressure > 140/90 mmHg.
The stage of chronic kidney disease (CKD) was defined according to the K/DOQI guidelines. [13] SLE activity was evaluated according to the ACR classification and the Systemic Lupus International Collaborating Clinics/ American College of Rheumatology Damage Index. [1, 2] 
Outcome measures
Complete renal remission (CR) was defined as a urine protein to creatinine ratio (UPCR) <0.5 g/g or g/d and normal or nearnormal (within 10% of the normal eGFR if previously abnormal) eGFR. A partial renal response (PR) was defined as a ≥50% reduction in proteinuria to subnephrotic levels and a normal or near-normal eGFR. Relapse was defined as an increase of more than 50% in 24-h proteinuria and a decrease in the eGFR> 25% from the baseline eGFR following a CR or PR.
Statistical analysis
Each result was reported as the mean ± SD or a percentage. Comparisons between patients were performed using the paired T-test or Wilcoxon test, as appropriate. Renal function tests (creatinine and eGFR) and proteinuria were compared using the paired Wilcoxon test. Statistical significance was established for a P value < .05. Graphical representations were created, and statistical analyses were performed with Prism GraphPad software.
Results
Baseline Characteristics
The study included 12 patients (4 men/8 women) from 8 Nephrology Departments from 2003 to 2014. Demographic characteristics are shown in Table 1 . The median age at presentation was 36.5 years (range 18-48). The baseline median creatinine level was 1.21 mg/dL (range 0.5-11.6 mg/dL), and acute kidney injury was recorded at presentation in 6 patients. The median proteinuria level was 7.5 g/d, and the nephrotic syndrome was diagnosed in 6 patients. One patient was diagnosed with an irreversible acute kidney injury (AKI) that required immediate renal replacement therapy (RRT).
Few patients (N = 4) had extra-renal manifestations, with mean ACR criteria values and a SLICC score of 1.25 (range 1-3) and 1.5 (range 1-3), respectively. Skin rash and polyarthritis were the most common extrarenal manifestations (Table 1) . 
Renal pathology features
The main histological pattern observed was diffuse proliferative glomerulonephritis similar to a class IV A/C in 11/12 patients, with associated class V in 1 patient (Table 1) . Class III A/C was diagnosed in 1/12 patients. Extracellular crescentic proliferation was observed in 2 patients. IgG, C3, and C1q mesangio-parietal deposits were present in all samples. IgM deposits were present in 10 patients. The complete Full House pattern was observed in 6 out of 12 biopsies. One patient had concomitant membranous nephropathy. Glomerulosclerosis was present in 5 biopsies, with a mean proportion of sclerotic glomeruli of 21% (range 5-50%). Electron microscopy analysis was retrospectively performed with the available frozen samples used for IF. Eight samples were obtained, but only 5 were of sufficient quality for analysis. Four patients had typical nonorganized mesangial and subendothelial electron-dense deposits ( Fig. 1A and B) , as observed in LN. No tubuloreticular inclusions were observed in the samples. One patient (Patient 2) diagnosed with class III-A/C lupus nephritis by light microscopy presented with pseudo amyloid fibrillary deposits infiltrating the mesangium, suggesting fibrillar glomerulonephritis ( Fig. 1C and D) . It should be noted that this patient had concomitant cutaneous manifestations similar to skin lesions observed in SLE.
Treatment
Treatment modalities depend on the local practice, but all patients received an immunosuppressive treatment comprising an induction regimen for 3 to 6 months, followed by a maintenance regimen for at least 12 to 18 months (Table 2) .
Regarding the induction protocol, 5 patients were treated with the Eurolupus Nephritis Trial regimen, [14] 5 were treated with the short-NIH regimen, and 2 received mycophenolate mofetil (MMF) and high-dose steroids as given in the ALMS trial. [15] Maintenance therapy included a low dose of prednisone and MMF or azathioprine. After 3 to 6 months of induction, all patients except for 2 were switched to purine inhibitors, either MMF (9/12) or azathioprine (1/12). Low-dose steroids (<10 mg/ d) were given to 10 out of 12 patients during the maintenance period. For relapse or refractory disease, 2 patients were treated with a calcineurin inhibitor (cyclosporine A) or 4 weekly pulses of 375 mg/m 2 rituximab. All patients received pneumocystis prophylaxis with sulfamethoxazole/trimethoprim during the induction phase.
Outcome results
The median follow-up was 24 months (range 12 to 134 months). Twelve months after the initiation of induction therapy, 10 patients were in remission (5 CR and 5 PR).
Excluding the patient with RRT at diagnosis, renal function remained stable, with median creatinine levels of 0.92 mg/dL (range 0.59-4.75) and 1.21 mg/dL (range 0.5-11.6). Median proteinuria levels decreased from 7.7 (range 1.4-26) to 0.76 g/d (range 0.15-3), P < .001 (Fig. 2) . All patients received reninangiotensin-aldosterone system blockers. Immunological markers of SLE were still negative at 12 months and during the follow-up period.
An additional renal biopsy was performed in 6 patients after a median follow-up of 12 months (range 12-127 months). The indication for biopsy was persistent proteinuria (N = 4) or proteinuria relapse (N = 2). When compared to baseline, the repeated biopsies revealed decreased but persistent activity and an increase in chronic lesions ( Table 2 ). All these patients received an additional treatment of a combination of high-dose steroids with CYC, MMF, the monoclonal anti-CD20 antibody rituximab, or ciclosporin A. One patient had a CR, 4 had a PR, and 1 maintained an NR. Patient 3, who had a fibrillary glomerulonephritis, maintained a PR despite multiple IS treatments. 
Discussion
In the present paper, we report an observational series of 12 patients with severe proliferative lupus nephritis, or "lupus-like" nephritis, not fulfilling the ACR or SLICC classification criteria for SLE at diagnosis and during follow-up. Most of the patients showed considerable proteinuria in the nephrotic range and AKI at presentation, which correspond to the most severe presentation of LN. [14, 15] Patients were also older, and a higher proportion of males was observed than what is found in a typical SLE with renal involvement population. According to the ISN/RPS LN classification, most of the patients had diffuse proliferative A B C D Figure 1 . Electron microscopy. (A) Full House nephropathy, magnification Â5000: subendothelial electron-dense deposits in patient P4; (B) Full House nephropathy, magnification Â12,000: mesangial and subendothelial electron-dense deposits in patient P5; (C) fibrillary glomerulonephritis, magnification Â 30,000: fibrils extending through the lamina densa of the glomerular basement membrane; (D) fibrillary glomerulonephritis, magnification Â 60,000: deposits organized into unbranched, randomly oriented extracellular fibrils of 7-18 nm in diameter.
Table 2
Clinical and biological characteristics of patients at diagnosis and at the last follow-up. glomerulonephritis (Class IV with activity) and were treated with an immunosuppressive regimen similar to that used in severe LN (induction + maintenance). The overall response (CR+PR) was good after 12 months and during follow-up. Severe lupus nephritis in the absence of overt SLE or "lupuslike" nephritis represents a challenge for clinicians because of 2 important issues. The first is whether this presentation should be considered as a distinct disease (referred to as "seronegative" or "incomplete" LN) or as a syndromic entity that includes several underlying diseases that are infection-related glomerulonephritis (viral or bacterial), fibrillar glomerulonephritis, or immunecomplex mediated glomerulonephritis. [9, 16] The second issue is related to the treatment used.
Since the mid-1980s, isolated cases or small case series have been published on "renal-limited LN" that lacks immunological evidence of SLE at diagnosis. [3, 4, 6, 8, 9, 17] Some patients may later develop specific SLE immunological markers, and this is referred to as "delayed SLE." [3] In most patients with delayed SLE or renal-limited LN, tubuloreticular inclusions are observed by electron microscopy, suggesting that this phenotype is part of "incomplete/seronegative" LN. [3, 4, 6] To avoid this bias, we excluded patients who developed SLE immunological markers during the follow-up. Interestingly, no tubuloreticular inclusions were observed in the present cases.
Some authors also refer to "lupus-like" nephropathy as "C1q nephropathy" in cases of FHN with dominant C1q staining. [5, 18] However, in C1q nephropathies, C1q deposits are specifically localized in the mesangial area of the glomeruli, which was not the case for patients in our series. [18] Unfortunately, only 5 biopsies were analyzed by electron microscopy due to the quantity and quality of the materials. Four patients had deposits consistent with LN, but 1 patient presented with pseudo amyloid fibrillary glomerulonephritis. In this patient, light microscopy and IF examination revealed class III A/C LN, a diagnosis that was validated by 2 renal pathologists. This patient also had extra-renal manifestations (cutaneous) consistent with seronegative SLE. Pseudo amyloid fibrillar glomerulonephritis has already been described in 2 SLE patients by Nasr et al, [19] but the renal biopsies in that study lacked the characteristic histological features of LN, particularly Full House immunostaining providing less ambiguity for ruling out the LN diagnosis. Nonetheless, this report and our experience highlight the need for electron microscopy validation of fibrillar deposits when the associated renal morphological findings do not fit with the clinical context of SLE or, conversely, in the case of possible lupus nephritis in the absence of overt systemic lupus.
No tubuloreticular inclusions were observed in our patients. Although tubuloreticular inclusions assessed by electron microscopy are currently considered a specific marker of LN, they are not detected in all cases of LN and are not mandated for this diagnosis. In addition, a recent study showed that tubuloreticular inclusions are detected in renal tissue in the context of virusassociated glomerulonephritis (HIV, HBV, and HCV) and to a lesser extent in membranous nephropathy or IgA nephropathy. [20] Thus, the absence of tubuloreticular inclusions is not helpful for the diagnostic classification of patients.
Therefore, we can conclude that FHN or "lupus-like nephritis" represents a syndromic entity that requires electron microscopy analysis of renal biopsies in addition to extensive etiological investigations, and in the absence of the fibrillar organization of deposits and in the absence of an underlying disease (e.g., in the absence of viral or other infectious diseases and in the absence of auto-immunity), physicians may consider a diagnosis of severe lupus nephritis in the absence of overt SLE.
The renal outcomes of severe "lupus-like" nephritis remain unclear. In the largest series of 42 pediatric patients presenting with FHN and no SLE criteria, the overall renal response was 91% after immunosuppressive treatment. [16] The authors used the same criteria for CR and PR that were used in our study. Recurrence was limited (18% at 4 years), allowing the progressive withdrawal of immunosuppression. However, only half of the cohort had proliferative glomerulonephritis (class IIIA or IVA), which could hamper the conclusion of a favorable outcome.
In adult patients, few reports or small series suggested a poor prognosis of the proliferative "lupus-like" nephritis. [4, 8, 9, 21] More recently, Rijnink and colleagues [10] also reported worse outcomes for idiopathic non-lupus FHN. Heterogeneity in the histological findings at diagnosis (presence of pure class V lupus nephritis), as well as heterogeneity in the immunosuppressive regimen, may explain the discrepancy with our results.
The treatment of severe lupus nephritis in the absence of overt SLE is not standardized. In our cohort, all patients received induction therapy, which is used as the standard of care for severe LN, followed by maintenance therapy with azathioprine or MMF. Overall outcome was good. Thus, we conclude that severe lupus nephritis in the absence of overt SLE should be treated as severe LN. The early recognition of fibrillary glomerulonephritis by ME should expand the treatment discussion to include other IS drugs, such as B cell depleting therapy (e.g., anti CD20 monoclonal antibodies). However, the prognosis is usually poor, despite such therapy. [12, 19] Our study has several limitations. It is a small, historical observational cohort. There was no central re-evaluation of renal biopsies. Less than half of the biopsies were analyzed by electron microscopy due the quality and quantity of the material available.
Conclusion
FHN, or proliferative "lupus-like" nephritis, is a syndromic entity that requires a careful etiological investigation, including the systematic electron microscopy evaluation of renal biopsies to rule out fibrillary glomerulonephritis. If negative, a diagnosis of severe lupus nephritis in the absence of overt SLE should be considered. The severity of the inflammatory process in the kidney seems to justify an aggressive immunosuppressive regimen. Remission can be achieved with the same immunosuppressive regimen used as a first-line therapy in SLE patients.
